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Alerting Abstract CN A 

NOVELTY - Method for producing synthetic gas from low carbon hydrocarbon and 
inorganic compact oxygen permeatable membrane reactor is new. 
DESCRIPTION - The present invention features that the catalyst bed layer is separated 
from the oxygen permeable assembly; that hot air and oxygen-rich gas are led to the 
oxygen permeable side of the membrane and natural gas and low carbon hydrocarbon or 
reducing mixed gas of low carbon hydrocarbon and CO and/or H2 are led to the reaction 
side to produce deep oxidation at 800-1000 deg.c and 0.1-1 MPa obtaining the mixture of 
low carbon hydrocarbon C02 and/or steam; and that the mixture is led to one other area 
with reforming catalyst to produce combined catalytic reforming reaction of 
hydrocarbon, C02 and H20 producing synthetic gas at 800-1000 deg.c and 0.1-1 MPa. 
ADVANTAGE - The present invention has long service life of oxygen permeable 
membrane, expanded range of applicable membrane, reaction capacity at the conditions 
of high space velocity and great concentration, reasonable energy utilization. 
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[57] 

m&im&m co m/m njmm&^m^- 
%w, m^^w^m^HW^mm, s soo ~ 
iooo°cfn o. i ~ mpa ummm&, mum 

A%-Km&}mmmm±, ^8oo~iooor#o.i 

~lMPa&#T. @-^C0 2 , H 2 0S4iMftfI 



01127228. 7 



& m n * ^ 



Jgl/25i 



mmttm^m*mmmm%if% 1.0 x 10" 3 ~ SOml-cm^min- 1 , £ 800 ~ 1000°C 

^1 A^-|K«WSM^fflJ±, £ 800 ~ 1000°C 0.1-lMPa ffi^J W^#T, 

'Jgig C0 2 > H 2 0S4e«{fcIia, 

zro 2 > BiA*#^*4, m^m^^n^it^ mmmtffl 

Sr 4 Fe 6 . x Co x 0 13 . x ^> ft SflllSfJUf ilitfiWl U& 
ft ffi&fc&Zht CH 4 /H 2 0/C0 2 = 3 / 2 / 1 o 

ffi^: ^mimmrm&Z) o.4~o.e w h 2 ^ co m*vc% 2 

pj#t^ ffl Mmmmmmm-. mm^m zro 2 ,Bi 2 o 3 

itmm^ ^5^wwmft%izm^ m^mm^m^m sr 4 Fe 6 . x co x o 13 . x 

tk^J 0.4-0.6, CH 4 /H 2 = 1; Rr^fflWjtfLHW^^®: ^W^SSiffiftJ Zr0 2 , Bi 2 0 3 

mjto, m^^^wwwmn^m^ m^m&mftsw sr 4 Fe 6 . x c 0x o 13 . x 
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U % 0 H * 4? ^2/251 



$ ; CH 4 /H 2 0 fcfc^J 1.4-1.6, CH 4 /CO bb^J 2.8-3.2; ^ffiMMM^MiS: 
4^-fl^Wj £c t)^nWiiiP8 0 
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& m 



SHI/1531 



Jt£/^$M*4, (c r c 4 X ifUBU 

fl&fe (c 2 ~c 4 ), filfU^a^ittfM^iilg^ll^ 
g±g$#£«o ^M^&M^vii. I^gftl^p^i 

SMo Hffl (foXffim)) (Haggin, Chicago C.E., Chem. Eng. News, 70(17):33 

(1992)) jsta, mm^mHm^Hn^mwmmmii^mx^, $ 

UMKli^^^flll 50%~60%££, «*a#fS^nff«*!lfflW*^» 

ft. $P¥^7KinSl (SMR)o HB <«f3{i#&;£> (Choudhary.V.R., Rajput, 
A. M., Rane, V. H., J. Phys. Chem., 96, 8686(1992)), Hffl «ffitt>^» (Bharadwaj, S. 
S., and Schmidt, L. D., Journal of Catalysis 146,11-21(1994)) fgtB, lg&jSJi® 

12. DfJfSMl2W«W^tt.(P0X)> BtefflfcEECSMR/OjR), 

(ATR) <4"Bfl^fc) (Balachandran,U., Dusek, J. T., Maiya, P. S., et al., 
Catalysis Today 36(1997) 265-272X « + H^M» (Dong Hui, Xiong Guoxing, 
Shao Zongping, et al., Chinese Science Bulletin 45(3)224-226(2000)), ilf |J 

6048472 &mxziE®mm. w&mmmirmmMRGffi&M, 

mtt&ftf&xMo tmm^m 6048472 mm, atr x-z^mmm&tm 
95-99.9%, %mm5L&wmmmm&m~vwY&x* mmm^^ 

(±^f4^di«, 1983), (HftK^) it 
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& m 4? M2/15M 



Mm¥&m±, 1984) n&mmmwMmftmmm* w^m^-m.^mm 

iiHm^W@Wi 3-^&r£Wftitt# 
^m^^ig«MSSit±«^3i^Stt^ ioo%, 

g^ftWW»^rft. tmrn^M 6048472 UrBWlS. 3&#I^$IS±ttft«^ 

*^ iasa»wfRijsw*iWft. mm^m 6077323 uttiw-ftxsR^:. 

rnfrM® ^m^m^m^ 99124427.3), ^mmmW^ftmMik¥Mfr& 

«4^B#fM (Balachandran,U., Dusek, J. T„ Maiya, P. S., et al., Catalysis Today 
36(1997) 265-272) flUIT^fflf/H&^IIKl Rh »MJia^f^WfiiSll^^n 

RIBik} (A. Slagtern, Unni Olsbye, Applied Catalysis A: General 110(1994) 99-108 

no am Kimmmftw-mmmikmmii 'mum-, cv. 

A. Tsipouriari, Z. Zhang, and X. E. Verykios, Journal of Catalysis 179(1998), 283-291 ) 
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1.0 x lO" 3 ~ gOml-cm'^min-' ( W^TOfiM^MffifjHt ), £ 800 ~ 
1000°C MSfP 0.1~lMPa JE;fr£#T, tfUJJlTfft^itMtk 

A^-IE^W*«E#^J±. ft 800 ~ iooo°c U&W o.i~iMPa m.Jj 

mmmjiwR^. asun^Ewas, w§¥^M»#*4^ffi^it, 4 1.0 

x lO" 3 ~ SOmlxm^min-^fflrt^^fW^Maft^ffim^^K^n^MiSi:, Jk 

(1) %m&im&ft%&&& j %m. ^mm&*.mn&&z m 

Mi?ty]*¥&m$$)M&WL2- It CH 4 /H 2 0/C0 2 = 3 / 2 / 1 ; 

mm,fcjx&; £j&H&}mmt% o.4~o.6 ; nmmm^w^mn^m^mzu: 

CH 4 /H 2 0/C0 2 = 3/2/1; nr«ffi^«MTO^: AWH^faltt Zr0 2 , Bi 2 0 3 
IMfcW^ ft^fcT#tt35ttBg£tm* M^TO^M^t! Sr 4 Fe 6 . x Co x 0 13 . x 
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U m 4? S&4/1531 



H 2 frl%mj5, H 2 #*figffi#&«'£S£*3h H 2 MflfifHS* 0.4-0.6, CH 4 /H 2 = 1 ; 
MM«M*4fei3: J^f^^lft Zr0 2 , Bi 2 0 3 S#£#^ M:^m^ 

Sr 4 Fe 6 . x Co x 0 13 . x #Jf^ l^ltfAWftftTfl* 
ffilWfffit^^, tISfffl±^«4^Flf, &MM«^«^tl#T#J 

(4) co W%&WMm£HWtt, M&ft&frG&'iFmM. 

jtn^nmjs, co m^im^ymnM^mm-, ch 4 /h 2 o it* 1.4-1.6, ch 4 /co 

ttft 2.8~3.2 ; PT«ffllttiiM#*4£ft: JtfTSEgfeW ZKV Bi 2 0, 

#4. IWI!ft^WSftWS^ft«lW> 

h 2 /co=2 1.8-2.1 mart) w 

mfcfomm 1 m^^jx/se 3, ^&ft*^masEW«^5pj^ 4 ; 

*ubss# 2 0r*fl<j£fli]tt/S: smix 1 isaaa*u«[ffl# 2 wia«i«a±jFW*« 
Hwmm^n 5, ^ffwai^p 6-, £MHia# 2 4 ^w^g 

ft^g 3 ni&mLmmmmftM%m±j?G&&&H$&ii&Hn 7, isieii 

iooo°c> mjj% o.i~iMPa W^SnaK^WM^SiSnsanP 5 MAiiW 2 - 
wm^e 1, %¥.<%&m)k&*iQ \mm&Mm:fe.m CO i/fli H 2 M 

K^^ttM^n^iitnP 7 iSAitM 2 8H»IMiSa*Ufcfi$E 3, ^*5E#l 
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& m 4? 



im&> r.M.\mmmimHWM^m; m^mwmAimn^s.mK 4, & soo 
~ iooo°c as. o.i~iMPa m^m^m&Rm, nm^m^m^ 

&*ftiKm&mmm* 2. m&&mu&&& 2 mjimm^^w, & 

3. ^E*#iaafa*iJ8i-fl!iiiA$ns8**J!is*6n, ^m^-mmAm^w, 
im^w^Hw^mt, «co r h 2 Oo 

2. mm&mnm&mft, ^mmm&^R^mmitm, &m 
5. «na*tj±g^wBsts^, mmmmmp* 
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(2) Mm^^MmmmmmMMitm^mmMm, mumm*?2 
65o°c w±msjmo *m&mxzmfrm'&&msL&K%iM, # 

(3) Mf^^ h 2 o h 2 o Mftttrtmimmm 

mmfcjtmtT* «4-0fI^» (Balachandran.U., Dusek, J. T., Maiya, P. S., et al., 
Catalysis Today 36(1997) 265-272) &315gflJ0M&^&ftj Rh 

Ni Sfi^iJffi^^^^flifcSiS^^ 

^T^v£, <jSffiflfi+k) (A. Slagtern, Unni Olsbye, Applied Catalysis A: General 
110(1994) 99-108)" fgtU Ni 17 «{« 

(V. A. Tsipouriari, Z. Zhang, and X. E. Verykios, Journal of Catalysis 
179(1998), 283-291) &Wmm®%ib> M]£^¥£ia^ltt&#T, ^ffl Ni S 

\mm, 400 /h^s^M^jstt^MTPi. mjiM«&*M^fite@#?f, 
7. *mmmmr« &m&+, ^mmmmmn, *t=?$m&* 

3. 3E^*«ftK&fii*'t'^3gfti±i@^fiSag^JF, W*m£<fcfcllttM&. 
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U m 4? 5t7/155i 



mm i A*ma*a8«K&jBt#^Kffl: 

M 2 f $f @^ *S HSf l^IS^f I ; 

mm 4 ^-^-^^^aa^igMM/s^^ms; 

mm 5 ^y^^nwiii^H^i^^^^wiisyifia; 

m 6 mm h 2 /co ti^H^Mjssiti^^^fignwM^gffl; 

*%W#45Wl 12, MimSMtfL 13. 3fctt 9 i55it«o ®^*«^ 10 5fcfflRiJ 

immzwu 13, mitmmMHwmm 12 ®%&6mtmT*m, 

^M^imtk 10 AMI*, ^^ffliUMffitl^i^ 10 ^MlSISS^^trt 
ltt±¥SB#, T*^^§^##«^J 5~10cm. 5lf»MSIIf^ 

M^wsrai^istiE 1, %im®m&m%m&®%MBimik&m& 3= 
4±rw > N5^'**5iraw&iS»*# 9 mm, frmmxm^mHn 5 mmna 6, 

15. iMtft*t# 16MitnP 5 iSA^HUMftE 1, £il£&/5«£*L^ft 

17 itij^p 6 wm; &mmimm&&m A %w is t±3«p 7 (±.nm m\m 
wjKintffig 3, ^^j8j±*w*ss, &mtmmm^-%fa*mr®), 
^BaAmmaESSE 4 19 Aunn 8 crt p) ii^t^ 

SrFe 05 CoO 3 . y g£m$K1^3g*lJI&$^m fH£20mm, £g 9mm, MJ¥ 1mm, 

ta®2Bijjk. &.&%*mm*m&m^° o.5gNi/ Y -Ai 2 o 3 
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(4o~6o i> immmmmmm* 

mm soo°c mvc®%%mi* m.mm\f 20, *itnp 5 iiam^ ioomi/min w 

3Wt#&6$lb. iiS^P 7 ilA 40ml/min 5%H 2 M He+HjM^tt. \t 
Ni 800°C £&3£HC 2 'm, 800°C U&, «3j lOml/min 100%^ 

40ml/mino £^«£##»ftlR£&E*, ftW^^W^StMttgffiilE^ 

CH 4 + 2 0 2 -» C0 2 + 2 H 2 0 
75% TO^ CO^n H 2 0 3tA«t4PWmaSMiSE , ££JtS£&: 
CH 4 + C0 2 -» 2 CO + 2 H 2 
2CH 4 + 2H 2 0->2CO + 6H 2 

CH 4 + 1/2 0 2 H> CO + 2 H 2 

CH 4 + 2 0 2 -> C0 2 + 2 H 2 0 AH = - 801.7 kJ/mol 

CH 4 + C0 2 -> 2 CO + 2 H 2 AH = 247.0 kJ/mol 

CH 4 + H 2 0 CO + 3 H 2 AH = 205.7 kJ/mol 

CH 4 + 1/2 0 2 -» CO + 2 H 2 AH = -35.5kJ/mol 

&&£800 ~ 1000°C> latm tfy&ftTffif. 8000 h' 1 , RmFW&Hft 

&m&mmL s 9oo°c> 400 ^mmRMmmn^, vm^^mmmm, 

&f&H#}J lc M& 300m 3 dayolf 98%, CO WSStt^f 95%,H 2 /CO=1.9 

~ 2.0, F-T £»TO£/&#Tff§ifl H 2 / CO tW\o Sjik, ^«ff§^a 

jim«^#ji;^ iMPa, i m, 
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ft*^98%, COM#tt^95%, H 2 /CO=1.9~2.0. 

SIffl (Zr0 2 ) ,_ x _ y -(Ce0 2 ) x -(CaO) y (x = 0.05 -0.20, y = 0.05 ~ 0.20), (Zr0 2 ) 
,. x _ y - (Ti0 2 ) x - (Y 2 0 3 ) y (x = 0.05 ~ 0.20, y = 0.05 ~ 0.20), (Zr0 2 ) ,. x - (Tb 2 0 35 ) x (x = 0.1 
-0.4), (Zr0 2 ) ,- x - y -(TbA. 5 ) x -(Y 2 0 3 ) y (x = 0.05 -0.20, y = 0.05 - 0.20)1$ (Bi 2 0 3 ) 
.-x- (Tb 2 0 35 ) x (x = 0.1 - 0.4)Etf , if^I»i#IAfi<) CH 4 *^ 1.0 x 10" 3 -5.0 x 
lO^ml-cm'^min" 1 ; 

^MLn,. x A x Co,. y B y 0 3 . 6 (Ln = La> Ga, Sm, Nd, Pr, A = Na, Ca, Ba, Sr, 
B = Cr, Mn, Fe, Co, Ni, Cu, x= 1.0-0, y = 0-1.0), SrCo,. x M ;t 0 3 „ 6 (M = Ti, 
Cr, Mn, Fe, Ni, Cu, x = 0-0.8), SrCo.^Fe.CUyOj.^x = 0 - 0.5, y = 0-0.3), 
Ln,. x M x Co0 3 _ 6 (Ln = La, Pr, Nd, Sm, Ga, M = Sr, Ca, Bi, Pb, x = 0 - 0.9), La,. x M x Cr0 3 . 
6 (M = Ca, Sr, Mg, x = 0.1-0.9), Y 0 05 BaCo 095 O 3 . s , Y 01 Bao 9 Co0 3 _ 6 M CaTi,. x M x 0 3 _ 
5 (M = Fe, Co, Ni, x =0.1~0.3)ftf , §TOffi*$l£fi#iIA#J CH 4 43? 0.3 - 30 
mlcm'^min' 1 ; 

YSZ-A(A= Pd, Pt, In 0 . 9 Pr 01 , In 0 95 Pr 0025 Zr 0 025 , mmMWmitft 0.4 - 2), 
Bi l5 Y 0 . 5 O 3 -Ag 0 . 7 Pd 0 . 3 (M^WMRb^ 0.4 - 2), Bi, 5 Y a5 0 3 -Ag(MffiW#^bk^ 0.4 - 
2), Bi 1 . J Er 0 . s O 3 -Ag(Mffito#fctb2j 0.4-2)^Bi l5 Er 05 O 3 -Au(ffiffiW#i n st:l:^ 0.4-2) 
ftf , ^TOMM*l#fflAltt CH 4 1:^ 0.3 - 30ml-cm- 2 -min' , ; 

Bi 2 Sr 2 Ca,,Cu„0 2 n + 4( n = 1-3, Pb, Sbgp#1?ttBi, ffl Ba 

±7Cjt§|3#W Sr, m±7tM Y Ca, fflil^M Fe, Co, Ni Cu), 
Bi 2 Sr 2 (R,. x Ce x ) 2 Cu 2 O I0 (R=#±7i;^,x =0-0.3), (Pb 2 Cu)Sr 2 A n .,Cu n 0 2n+4 (A=#±7i;*, 
Ca, n=K 2), RBa 2 ^4 x Cu 3 . y M y 0 6+ 5 (R=#±7u3t M=Sr, Ca, Mg, M=Fe, Co, 
Ni, Al, Ga, Zn, x, y =0~0.5)l£ RBa 2 . x M x Cu 4 . y M y O g . 6 (R=#±7U^, M=Sr, Ca, 
Mg, M'=Fe, Co, Ni, Al, Ga, Zn, x, y=0~0.5)Bt, %^l3KR&M.WM.Atf) CH 4 
m% 0.3 - 3 ml-cm^-min" 1 ; 

Sr,. x Bi x FeO 3 . 5 (x=0. 1-0.9), BaBi x Co y Fe,. x . y O 3 . 6 (x=0. 1-0.9, y=0.1~0.9), 
Ba x Sr 1 . x Co y Fe,. y O 3 _ 5 (x=0.1~0.9, y=0. 1-0.9), BaCo,. x . y Fe x M y 0 3 _ 6 (M=Ti, Zr, x=0.1~0.9, 
y=0.1~0.9), La 2 Ni0 4+6 ^ La 2 . x A x Ni,. y B y 0 4+i (A=Sr, Zr, Ca, Mg, B==Co, Fe, Cu) 
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B^t, it A ft CH 4 1 ^ 1 ~ 40 ml-cm 2 -min ' ; 

^ffl YBa 2 Cu 3 0 6+5 > Y 1 . x Zr x Ba 2 Cu 3 . y M y 0 6+5 (M=Fe, Ni, Al, Sn, x=0.1~0.6), Y,. 
x Zr x Ba 2 Cu 3 0 6+5 , YBa 2 Cu 3 . x Fe x 0 5+s , LaGa^.^ByO^A^o, Ni, B=Mg, Fe, x=0.1~0.8, 
y=0~0.5), La I . x A x Ga,. y B y 0 3 _ s (A : = Sr, B=Co, Fe. Cu, Ni, x=0~0.8, y=0.2~l)i£ 
LaCo,. x . y A x B y 0 3 . 8 (A=Fe, W> Ga, B=Ni, Mg) B*. W2fffi#JR£fNlAto CH 4 
fi^ 0.3 ~ 35 ml-cm'^min' 1 o 

k 4 21, 22 mmmmiti, w.^mmt^nft* 

2 ww*#*jH£«±TW+ate** io mm +. «jgffl*ifuft»w>h*^j»* 

10 $&H£Stf!SSrtMT#lflJ#, ±*«^§««^ft 21 ^ 5~10cm o 

asttn#^fim»WTflfp c&nn 7) ma, gm^siiifitfT«s« 

i^tt^n 19 itJBP 8 (±tP) M, SALMIS], iiffit^ SrFe 05 CoO 3 . y X 
^tlfli4»f^*a*UKfijat*tt^. Mj£t*&£-Jx&3§. 30mm, 9mm, 
Hff 1mm, Ni/y-AlA (160- 200 @) m#M 1 g «?5»^«^± 0 3&B£ 
M 1 WlSISSil^fto K4^K^. Sfi4 800°C, latm #J&#T 
affo «^«M;*J 30 ~ 120ml/min, mVC&Z) 80 ~ 95%, CO 90 ~ 

95%, H 2 /CO=1.8~2.1. 

mS¥^anW^#T, K^M»fS^^?# 

MWimi m& co m h 2 wn^&m. w&&mmzmm&mk![i¥^&n%. 
rn.its.rn, ss^me^co,, H 2 ost^mfi, «^^o 
m 5 ^tUTiOffl^nflisf iv^^^nxswsaatg. 2 

MSS. M Ba,. 5 Sr 0 ,Co 0 . 8 Fe 02 O 3 . 5 iSMWIi^WiC^tSiS^, t^20mm, 
^5 9mm, Mi? 1mm, Ni/y-Al 2 0 3 (40- 60 g) ffi^lj 0.5 go t^ff^Jfi^J 1 
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mfmitmM&m, w&mwmjs, £ 9oo°c i a tm mm&\^Wv 

Mil, E^ffi&ifS^MJ/^M, iM^^1tl:^40ml/min : ,WtkR=0.5, 
«l#^4fc«98%, CO Mft&ttlfc^ 95%, H 2 /CO=1.9~2.0o £&^Mi«nT: 
ftttiE: CO+l/2 0 2 ^C0 2 
2 H 2 + 0 2 -> 2 H 2 0 
ME: CH 4 + C0 2 ->2CO + 2H 2 

2 CH 4 + 2 H 2 0 -> 2 CO + 6 H 2 
CH 4 + 1/2 0 2 -» CO + 2 H 2 
EfflTfllttftfJift Ba 0 ,Sr 0 ,Co 0g Fe 0 . 2 O 3 . 5 #^Ji^/Sll^#, ^pT^*¥^'J 

S^ffl (Zr0 2 ) ,, x _ y -(Ce0 2 ) x -(CaO) y (x = 0.05 -0.20, y = 0.05 ~ 0.20). (Zr0 2 ) 
,_ x . y - (Ti0 2 )„ - (Y 2 0 3 ) y (x = 0.05 ~ 0.20, y = 0.05 ~ 0.20), (Zr0 2 ) ,. x - (Tb 2 0 35 ) x (x = 0.1 
-0.4), (Zr0 2 ) 1 - x - y -(Tb 2 0 35 ) x -(Y 2 0 3 )y(x = 0.05 -0.20, y = 0.05 - 0.20)^ (Bi 2 0 3 ) 

,_ x - (Tb 2 o 35 ) x (x = o.i - o.4)Bt, nnmKmmmAm cH A m% 1.0 x io- 3 -5.0 x 

lO^ml-cm'^min" 1 ; 

S^ffl Ln I . x A x Co 1 . y B y 0 3 . s (Ln = La, Ga, Sm, Nd, Pr, A = Na, Ca, Ba, Sr, 
B = Cr, Mn, Fe, Co, Ni, Cu, x= 1.0-0, y = 0-1.0), SrCo,. x M x 0 3 _ 6 (M = Ti, 
Cr, Mn, Fe, Ni, Cu, x = 0~0.8), SrCo,. x . y Fe x Cu y 0 3 . 5 (x = 0 - 0.5, y = 0-0.3), 
Ln,. x M x Co0 3 _ 6 (Ln = La, Pr, Nd, Sm, Ga, M = Sr, Ca, Bi, Pb, x = 0 - 0.9), La^CrOj. 
a (M = Ca, Sr, Mg, x = 0.1-0.9), Y 0 05 BaCo 095 O 3 - 5 , Y 0 .Ba^CoOj, 5 e.£ CaTi,. x M x 0 3 . 
6 (M = Fe, Co, Ni, x =0.1~0.3)H*, ^^M»£l#iIiAltt CHjt^ 0.3 - 30 
ml-cm'^min' 1 ; 

YSZ-A(A=Pd, Pt, Ino. 9 Pr 0 ,, ta^Pr^Zw WffiMtt&tfcfc 0.4 - 2), 
Bi 1 . 5 Y 0 . J O 3 -Ag 0 . 7 Pd 0J (Wffifi<J^^bh:^ 0.4 - 2), Bi IJ Y 0J O,-Ag(?5fflfl«lfls|Rtfc* 0.4 - 
2), BiuErojOj-AgCWfflWftlRtt* 0.4~2)sEBi 1 . J Er M O,-Au(i8fffifi«I#iRtt* 0.4-2) 
B*. mnm*mmm\&} CH 4 W% 0.3 - 30 ml-on'-mm 1 5 

Bi 2 Sr 2 Ca„.,Cu„0 2n+4 ( n = 1-3, ftMffl Pb, Sb BfrmX Bi, . ffl Ba « 
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±jtMMft&tt Sr, m±7tm Y #ft Ca, ffii±$f£Jl Fe, Co, Ni f ft Cu), 
Bi 2 Sr 2 (R l . x Ce x ) 2 Cu 2 O )0 (R=#±7C^ 5 x =0-0.3), (Pb 2 Cu)Sr 2 A„.,Cu n 0 2n+4 (A=#±7G^, 
Ca, n=l, 2), RBa 2 . x M x Cu 3 . y M' y 0 6+6 (R=#±7C,^, M=Sr, Ca, Mg, M'=Fe, Co, 
Ni, Al, Ga, Zn, x, y =0~0.5)s£ RBa 2 . x M x Cu 4 . y M y 0 8 . 5 (R=#±7C^ . M=Sr, Ca, 
Mg, M=Fe, Co, Ni, Al, Ga, Zn, x, y=0~0.5)ltf, ^MMillfffflAW CH 4 
0.3 - 3 ml-cm" 2 -min"' ; 

S^ffl Sr,. x Bi x FeCv 6 (x=0. 1-0.9), BaBi x Co y Fe,. x . y O 3 . 8 (x=0. 1-0.9, y=0.1~0.9), 
Ba x Sr,. x Co y Fe 1 . y O 3 . 6 (x=0.1~0.9, y=0.1~0.9), BaCo,. x . y Fe x M y Cy s (M=Ti, Zr, x=0.1~0.9, 
y=0.1~0.9), La 2 Ni0 4+6 lE La 2 . x A x Ni,. y B y 0 4+6 (A=Sr, Zr, Ca, Mg, B=Co, Fe, Cu) 
Bt, ilAW CH 4 i^ 1 ~40ml-cm- 2 -mm'; 

YBa 2 Cu 3 0 6+s , Y 1 . x Zr x Ba 2 Cu 3 . y M y 0 6+s (M=Fe J Ni, Al, Sn, x=0.1-0.6), Y,. 
x Zr s Ba 2 Cu 3 0 6+5 , YBa 2 Cu 3 . x Fe x 0 6+6 , LaGa,. x . y A x B y 0 3 . 6 (A=Co, Ni, B=Mg, Fe, x=0.1~0.8, 
y=0~0.5), La,. x A x Ga,. y B y 0 3 _ 8 (A= Sr, B=Co, Fe, Cu, Ni, x=0~0.3, y=0.2~l)«E 
LaCo,. x . y A x B y 0 3 . s (A=Fe, W, Ga, B=Ni, Mg) B}, «¥#M«iE#ilAtfj CH 4 
M.% 0.3 - SSml-cm'^min 'o 

ft%m&mttw. f&&%- < g3cim.®mm.mmfem&&%. e-k 20 mm,- gg9 mm, 

» 1 mm , Ni/y-AlA (40- 60 g) ffiftjfil 0.5 g. 5fctft»ft*flm*fi H 2 #!« 
jgftl H 2 Wo fftfflfr&WJ 1 S&jS«aSB, ®A H 2 i? CH 4 M^3S 

Afiiss. « H 2 ^^^wb^ij^ i, «JtS¥»w h 2 ^an, m*@ 

feifS^M/^tlM. fiS¥^S* 40ml/min, 98%, CO M 

95%, H 2 /CO=1.9 - 2.0 o 

(Zr0 2 ) ,. x _ y -(Ce0 2 ) x -(CaO) y (x = 0.05 -0.20, y = 0.05 - 0.20), (Zr0 2 ) 
,. x . y - (Ti0 2 ) x - (Y 2 0 3 ) y (x = 0.05 - 0.20, y = 0.05 - 0.20), (Zr0 2 ) ,. x - (Tb 2 0 35 ) x (x = 0.1 
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-0.4), (Zr0 2 ) 1 . J ,. y -(Tb 2 0 3 . 5 ) x -(Y 2 0 3 )y(x = 0.05 -0.20, y = 0.05 - 0.20)^ (Bi 2 0 3 ) 

,_ x - (Tb 2 o 35 ) x ( X = o.i ~ o.4)itt , mnm^mmm\m cn 4 m% 1.0 x 10- 3 -5.0 x 

1 O^ml-cm^-min" 1 ; 

Ln,. x A x Co 1 . y B y 0 3 . 6 (Ln = La> Ga, Sm, Nd, Pr, A = Na, Ca, Ba, Sr, 
B = Cr, Mn, Fe, Co, Ni, Cu, x= 1.0-0, y = 0-1.0), SrCo,. x M x 0 3 _ 6 (M = Ti, 
Cr, Mn, Fe, Ni, Cu, x = 0-0.8), SrCo,. x . y Fe x Cu y 0 3 _ 6 (x = 0 - 0.5, y = 0 - 0.3), 
Ln,. x M x Co0 3 _ s (Ln = La, Pr, Nd, Sm, Ga, M = Sr, Ca, Bi, Pb, x = 0 - 0.9), La,. x M x Cr0 3 _ 
s (M = Ca, Sr, Mg, x = 0.1-0.9), Y 0 05 BaCo 0 95 O 3 _ 6 , Y 01 Bao 9 Co0 3 _ s s& CaTi,. x M x 0 3 _ 
S (M = Fe, Co, Ni, x =0.1-0.3)8*, «M»t&#ffiAlft CH 4 MX 0.3 - 80 
ml-cm" 2 -min"'; 

SXffi YSZ-A(A= Pd, Pt, Ino.Au. Ino.9sPro.o2sZr 0 .o2s' M*Bftj#*Rlfc3j 0.4 - 2), 
Bi 1 ,Y 05 O 3 -Ag 07 Pd 03 (WtgKj#fo[;b^ 0.4 - 2), Bi, 5 Y a5 0 3 -Ag(WM#m;*J 0.4 - 
2), Bi, s Er 0S O 3 -Ag(ra W^tt^ 0.4 - 2)l£ Bi, 5 Er 05 O 3 -Au(MffiW#lRtl:^ 0.4 - 2) 
ft, $¥#ffi#J8&#iIAM CH 4 *^ 0.3-50ml-cm- 2 -min- , ; 

^^ffl Bi 2 Sr 2 Ca n .,Cu n 0 2nt4 ( n = 1-3, Pb, SbSP#WftBi, ffl Ba 

±7uHSP##ft Sr, ffl#±7C* Y Ca, mWBL&m Fe, Co, Ni #ft Cu), 
Bi 2 Sr 2 (R 1 . x CeJ 2 Cu 2 O 10 (R=#±7n^,x =0-0.3), (Pb 2 Cu)SrA..Cu n 0 2n+4 (A=^±7t;^, 
Ca, n=l, 2), RBa 2 . x M x Cu 3 . y M' y 0 6+6 (R=#±7C*, M=Sr, Ca, Mg, M=Fe, Co, 
Ni, Al, Ga, Zn, x, y =0-0.5)^4 RBa 2 . x M x Cu 4 . y M' y 0 8 . 6 (R=#±7U^, M=Sr, Ca, 
Mg, M=Fe, Co, Ni, Al, Ga, Zn, x, y=0~0.5)a*, $¥#M#lgS&#&AM CH 4 
M%1 0.3 - 40ml-cm" 2 -min''; 

S^ffl Sr, fl Bi x FeO 3 . i (x=0.1~0.9), BaBLCo y Fe,. x . y O 3 _ 6 (x=0. 1-0.9, y=0.1~0.9), 
Ba x Sr,. x Co y Fe 1 . y O 3 . 6 (x=0. 1-0.9, y=0.1~0.9), BaCo,. x . y Fe x M y 0 3 _ 6 (M=Ti, Zr, x=0.1~0.9, 
y=0.1~0.9), La 2 Ni0 4+5 ^ Laj.ANi.^Cv^Sr, Zr, Ca, Mg, B=Co, Fe, Cu) 
H, fflAW CH 4 M^ 1 - 60ml-cm- 2 -min-'; 

YBa 2 Cu 3 0 6+5 , Y,. x Zr x Ba 2 Cu 3 ^M y 0 6+5 (M=Fe, Ni, Al, Sn, x=0.1~0.6), Y,. 
x Zr x Ba 2 Cu 3 0 6+5 , YBa 2 Cu 3 . x Fe x 0 6+s , LaGa,. x . y A x B y 0 3 ^(A=Co, Ni, B=Mg, Fe, x=0.1~0.8, 
y=0~0.5), La,. x A x Ga 1 . y B y 0 3 _ 8 (A= Sr, B=Co, Fe, Cu, Ni, x=0~0.8, y=0.2~l)l£ 
LaC 0l . x . y A x B y 0 3 . 8 (A=Fe, W, Ga, B=Ni, Mg) 0*, if^I«|ftIAW CH 4 
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i^J 0.3 ~ 35ml-cm' 2 -min''o 

m^toA-fem® h 2 o, £ME#i5Mil£&, gtTOHr^^W c/H tb, 

xziummmwtm, U'mimmRm* mxzmwmmmm e m w 

CO. ^^^^nSilM^^H 24 H 2 , CO ^Wm/L 23 ^ CH 4 , H 2 0 

JI-g-JsffiA&jStS 16 , CH 4 /H 2 0 tfc^j 1.4-1.6, CH 4 /CO VC% 2.8-3.2, „ Ifflft 
SrFe 0 . 5 CoO 3 . y a^«f-fc#I^^iift^#M, &$^t^M3C$i3fU8i&I&*. IT^c 20 
mm, fft9mm, Si¥ 1 mm. Ni/y-Al 2 0 3 (40- 60 g) ffiftfrj 0.5 g., 

ffl^coWPico Wo l-5feiStf«^J l %&jmfeB. » 

ilSfTO, H 2 o «5F co S^ffifeif^E^^i'J^^M, SS¥*^1t 

*^40ml/min, WKWfSttl** 98%, CO 95%, H 2 /CO=1.9~2.0. 

^SKffl (Zr0 2 ) ,_ x _ y -(Ce0 2 ) x -(CaO) y (x = 0.05 -0.20, y = 0.05 - 0.20), (Zr0 2 ) 
,. x _ y - (Ti0 2 ) x - (Y 2 0 3 ) y (x = 0.05 - 0.20, y = 0.05 - 0.20) , (Zr0 2 ) (Tb 2 0 35 ) x (x = 0.1 
-0.4), (Zr0 2 ) ,. x _ y -(Tb 2 0 35 ) x -(Y 2 0 3 ) y (x = 0.05 -0.20, y = 0.05 - 0.20)^ (Bi 2 0 3 ) 
,. x - (Tb 2 0 35 ) x (x = 0.1 - 0.4)9} , W^MM*l#ilA£fi CH 4 *^ 1.0 x 10" 3 -1.0 x 
lO'mlcm^min" 1 ; 

^\%J% Ln,. x A x Co,. y B y 0 3 _ 5 (Ln = La, Ga, Sm, Nek Pr, A = Na, Ca, Ba, Sr, 
B = Cr, Mn, Fe, Co, Ni, Cu, x= 1.0-0, y = 0-1.0), SrCo,. x M x 0 3 _ 6 (M = Tk 
Cr, Mn, Fe, Nk Cu, x = 0-0.8), SrCo^^Cu/V 6 (x = 0 - 0.5, y= 0-0.3), 
Ln,. x M x Co0 3 _ 6 (Ln = La, Pr, Nd, Sm, Ga, M = Sr, Ca, Bi, Pb, x - 0 - 0.9) , La,. x M x Cr0 3 _ 
s (M = Ca, Sr> Mg, x = 0.1-0.9), Y 005 BaCo 0 . 95 O 3 _ s , Y 01 Bao 9 Co0 3 _ s s£ CaTi,. x M x 0 3 ^ 
,(M = Fe, Co, Ni, x =0.1-0.3)8* , W#S«*l#iiA#J CH 4 M% 0.3 - 50 
ml-cm" 2 -min"' ; 

YSZ-A(A= Pd, Pt, In^Pro,, In 0 . 9j Pr 0 . 02J Zr 0 . 025 , SfflMfftlttA 0.4 -2), 
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Bi I3 Y 0 . J O J -Ag 0 . 7 Pd 0J (MffiW{*jRtk* 0.4 ~ 2), Bi,. 5 Y 0 .A-Ag(raM'f**Rtk;*J 0.4 ~ 
2), Bi I5 Er 0 . 5 O 3 -Ag(M#J#*Rtfc;*J 0.4 ~ 2)§K Bi 1 . J Er 0 .,O J -Au(M W#*R-tfc37 0.4 ~ 2) 
B4, #T^M*m^#ilAW CH 4 m% 0.3 ~ 30ml-cm- 2 -min- , ; 

Bi 2 Sr 2 Ca B . 1 Cu n 0 2ll+4 ( n = 1-3, Pb, Sbgp##ftBi, ffl Ba 

±7U*HW#&ft Sr, ffl#±7U* Y lift Ca, fflJsttt^JH Fe, Co, Ni Cu), 
Bi 2 Sr 2 (R 1 . K Ce x ) 2 Cu 2 O 10 (R=#±7C^,x =0-0.3), (Pb 2 Cu)Sr 2 A n .,Cu„0 2n+4 (A=#±7U^, 
Ca, n=l, 2), RBa 2 . x M x Cu 3 . y M' y 0 6+6 (R=#±7Git, M=Sr, Ca, Mg, M'=Fe, Co, 
Ni, Al, Ga, Zn, x, y =0-0.5)^ PvBa 2 JVf x Cu 4 . y M;O g . 6 (R=#±^|f, M=Sr, Ca, 
Mg, M=Fe, Co, Ni, Al, Ga, Zn, x, y=0~0.5)Bt, WMMIlfttlAM CH 4 
m^J 0.3- lOmlcm^mm'j 

z^ffl Sr,. x Bi x FeO 3 . i (x=0. 1-0.9), BaBi x Co y Fe,. x . y O 3 . s (x=0.1~0.9 1 . y=0.1~0.9), 
Ba x Sr,. x Co y Fe 1 . y O 3 _ 5 (x=0. 1-0.9, y=0.1~0.9), BaCo,. x . y Fe x M y 0 3 . s (M=Ti, Zr, x=0.1~0.9, 
y=0.1~0.9), La 2 Ni0 4+6 ^ La 2 . x A x Ni,. y B y 0 4+s (A=Sr, Zr, Ca, Mg, B==Co, Fe, Cu) 
H, ilAW CH 4 4^j 1 -40ml-cnT 2 -mm'; 

^SRffl YBa 2 Cu 3 0 6+5 , Y,. x Zr x Ba 2 Cu 3 . y M y 0 6+5 (M=Fe, Ni, Al, Sn, x=0. 1-0.6), Y,. 
x Zr x Ba 2 Cu 3 0 6+5 , YBa 2 Cu 3 . x Fe x 0 6+5 , LaGa,. x . y A x B y 0 3 . 5 (A=Co, Ni, B=Mg, Fe, x=0.1~0.8, 
y=0~0.5). La, _ x A x Ga, , y B y 0 3 _ s ( A= Sr, B=Co, Fe, Cu, Ni, x=0~0.8, y=0.2~l)5S£i 
LaCo,. x . y A x B y 0 3 . 5 (A=Fe, W, Ga, B=Ni, Mg) ft, §TOMM2l#iIAW CH 4 
fi3j 0.3~35ml-cm- 2 min-'o 
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